Abstract. In order to meet the traveler's planning on the travel routes, the optimal single-objective path model with the shortest time and the lowest cost and the shortest multi-objective path model based on cost and time were established separately with reference to the mathematic modeling competition set for the graduate students and in combination with the influence of weather on the travel according to different ways of travelling. Dijkstra algorithm was adopted to solve the models so as to obtain the optimal multi-objective path, which can provide multiple possible choices for the travelers.
Introduction
With the rapid development of China's national economy, China's tourism industry has also made great progress. In recent years, the proportion of tourism revenue in the national economy continues to increase. Many families or individuals choose to travel in different ways on festivals or holidays, but due to various factors, they often fall into the predicament of "Lost on Journey". Whichever way you choose to travel, the reasonable selection of travel routes is being concerned by people. The planning on travel routes is essential for the guidance on the travelers. At the same time, it can also be used for reference by the travel agency in developing relevant travel routes.
Model 1: Unlimited Cost and the Shortest Time
The duration of festivals or holidays in our country is relatively short. In most cases, the traveler will choose the travel routes with moderate or short distance. The establishment of the optimal single-objective path model with unlimited cost and the shortest time, taking into account the impact of weather on travel, provides a variety of possibilities for the selection of scenic spots and can be used for reference in the solving of multi-objective model.
Objective Function:
(1) Total time cost for the visit of several scenic areas (N) is composed of total traffic time (T 1 ) and total time for the visit of scenic spots (T 2 ), in which, T 2 is relatively fixed, while the traffic time is determined by the selected travel route or ways of travelling. Therefore, we just need to obtain the best value of T 1 .
Self-driving Travel. Take into account the driving situation from scenic spot i to scenic spot j. Judge 0-1 variable from scenic spot i to scenic spot j with ‫ݎ‬ That is, r ୧୨ = ൜ 1, it is available directly from scenic spot i to scenic spot j, 0, otherwise
The required theoretical traffic time from scenic spot i to scenic spot j, ‫ݐ(‬ ) is the proportion of distance ‫ݏ(‬ ) to the average speed ‫ݒ(‬ ). Thus, the total traffic time T 1 :
In addition, traffic jams probability (P 1 ) in different weather can be obtained with reference to relevant information. The mathematical expectation of traffic jam time is‫ܧ‬ ሺ‫ݐ‬ ଵ ሻ. Therefore, formula (1) is changed to:
(4) Multiple ways of travelling. Consider the mixed ways of travelling including buses, high-speed trains and airplanes. Take a taxi from scenic spot i to high-speed railway station or airport and from the high-speed railway station or airport to scenic spot j. The required total time is ‫ݐ‬ = ‫ݐ‬ + ‫ݐ‬ + ‫ݐ‬ or ‫ݐ‬ = ‫ݐ‬ + ‫ݐ‬ + ‫ݐ‬ . When the aforementioned three traffic modes are available from scenic spot I to scenic spot j, the required theoretical time ‫ݐ(‬ ) has relation with the traffic mode used, which is shown as follows:
In which, , a b refers to the value of journey when buses and high-speed trains spend the same time and the value of journey when the airplane spends the same time in the journey respectively. In order to better meet the actual situation, it is assumed that the probability of high-speed rail delay is P 2 , that of flight delay is P 3 in bad weather, the mathematical expectation is ‫ܧ‬ ሺ‫ݐ‬ ଶ ሻ and ‫ܧ‬ ሺ‫ݐ‬ ଷ ሻ respectively. And the actual time spent from scenic spot i to scenic spot j is:
Thus, the formula (1) is changed to:
Constraint condition. First, the planned number of scenic spots is N, so the constraint condition is:
= N (8) Second, for each vertex on the circuit, there is only one incoming edge and one outgoing edge. On the premise that the scenic spots to travel are known and that there is only one incoming edge and one outgoing edge for each scenic spot. The constraint condition is:
(9) If the number of scenic spot is not less than 2, the constraint condition is: r ୧୨ × r ୨୧ = 0 (10)
Model 2: Unlimited Time and the Lowest Cost
Compared with a short-distance travel, the selection of the way for a long-distance travel has greater influence on the cost. The establishment of the route model with unlimited time and the lowest cost helps people to reduce cost as much as possible and has great significance for Chinese rural residents' travel. At the same time, it can be used for reference in the solution of multi-objective routes.
Objective function:
(11) Total cost for the visit of N scenic spots is consisted of total traffic cost (C 1 ) and total cost on the scenic spots (C 2 ). In which, C 2 is relatively fixed, while the traffic cost is determined by the way of travelling. Meanwhile, the number of traveler (n) also has an influence on the cost, so per capital expenditure is also considered. Thus, we just need to consider travel consumption per capita generated by different traffic modes. 
Self-driving
Constraint condition. It is the same as model 1. In real life, very few people have unlimited time to travel. In general, people will have a plan on how long they can spend on a journey and how many scenic spots they will visit.
Model 3: Optimal time and cost
It is easy to obtain single-objective optimization, but it is difficult to describe traveler problem accurately with single-objective function. In the selection of travel route, several factors need to be considered, such as time, cost, season and traveler preference, which requires optimization of multi-objective functions. There is usually an optimal conflict between single objectives, that is, when an objective is optimal, another objective may be poor, resulting in the result that sometimes there is no optimal solution, and sometimes there are multiple optimal solutions. So sometimes you need to choose according to the preferences of the decision maker or other factors. Then there are two objective functions:
If only the three traffic modes (buses, high-speed trains and airplanes) are taken into consideration.
The relation formula between the cost and time with different traffic modes is obtained with reference to model 1 and model 2 and the constraint condition is the same as model 1.
In addition, a limit is set on total time and total cost for the travel in actual situation, that is
The basic idea of Dijkstra algorithm is: it is assumed that G= (V, E) is a weighted directed graph. The vertex set v in the graph is divided into two groups. The first group is vertex set S with the shortest path calculated and the second group is vertex set U with the shortest path undetermined. Add the vertex of the second group into S successively according to the increasing order of the shortest path length. During addition, always keep the length of the shortest path from the source point v to each vertex in S at not more than that from the source point v to each vertex in U. Besides, each vertex corresponds to a distance. The distance of the vertex in S is the length of the shortest path from v to this vertex and that of the vertex in U is the length of current shortest path from v to this vertex which regards the vertex in S as the middle vertex.
The basic steps of the algorithm are as follows:
Step 1: Initially, S only includes the source point, that is S= {v}. The distance of v is 0. U includes other vertexes except for v that is U= {other vertexes}. If there is an edge between v and vertex u in U, <u, v> has a weight normally. If u is not the adjacent point of the outgoing edge at v, the weight of <u, v> is ∞.
Step 2: Select the vertex k in U with the shortest distance from v and add k into S (the selected distance is the length of the shortest path from v to k).
Step 3: Take k as the newly considered middle point. Revise the distance of each vertex in U. If the distance from the source point v to the vertex u (pass through vertex k) is shorter than the primary distance (without passing through vertex k), revise the distance value of vertex u. Add the distance from the revised distance value to vertex k with the weight on the edge.
Step 4: Repeat steps 2 and 3 until all the vertexes are included in S .
Application
It is assumed that 3 persons from Beijing plan to visit the following scenic spots during the National Day holiday. So there are the following mathematical models: In which, there are 84 hours that can be used for travel (calculated on the basis of 12 hours/day and 6 hours/half a day).
The satisfactory solution of the mathematical model is obtained with Dijkstra algorithm according to the expressway network, the high-speed rail line and relevant airline data in China. Although the highway is free of charge during the National Day holiday, the mathematical expectation ( ) ≤ 84. Therefore, mixed ways of travelling are taken into consideration. And the reasonable travel routes are planned: On the first day, take a high-speed train from Beijing to Enshi (RMB 668.5, 9.5 hours). On the second day, take a bus from Enshi to Enshi Grand Canyon and visit the Grand Canyon using the remaining time of that day. On the third day, take a high-speed train from Enshi to Wuhan (RMB 158.5, 4.5 hours) and take an airplane from Wuhan to Suzhou (RMB 440, 1.5 hours). Then take a visit to Suzhou Gardens with the rest of that day. On the fourth day, take a bus from Suzhou to Hangzhou (RMB 73, 2 hours) and visit thee West Lake with the rest of that day. On the fifth day, take a bus from Hangzhou to Huangshan (RMB 75, 3.5 hours) and have a visit to Huangshan Scenic Spot on that day and half a day of the sixth day. Take a high-speed train from Huangshan to Qu Fu (RMB 341.5, 4.5 hours). On the seventh day, take half a day (about 6 hours) to visit Ming Old City Sankong Tourist Area in Qu Fu District, Jining City, then take a high-speed train to Beijing (RMB 244, 2.5 hours).
